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(57) The present invention relates to a thin film pie- 
zoelectric element used in an actuator unit for fine po- 
sitioning in particular, and its manufacturing method. In 
the manufacturing method, two piezoelectric thin films 
held between electrode layers are laminated by using 
adhesive, and only the second substrate is selectively 
removed in order to process the thin films remaining on 
the first substrate into a plurality of separated structures. 
After that, an insulating layer and external connecting 
electrode are formed so as to cover the exposed surface 



of the structure, thereby forming a plurality of thin film 
piezoelectric elements. Also, resin is applied to cover 
the thin film piezoelectric element, and a temporary fix- 
ing substrate is bonded thereto, and after selectively re- 
moving the first substrate, the temporary fixing substrate 
is separated, and the resin is removed from the piezo- 
electric element surface in order to separate the plurality 
of thin film piezoelectric elements. According to this 
manufacturing method, it is possible to provide thin film 
piezoelectric elements which are inexpensive and ex- 
cellent in mass-production feasibility. 



FIG. 2B 
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Description 

FIELD OF THE INVENTION 



[0001] The present invention relates to a thin film pi- 
ezoelectric element used as an actuator or a sensor for 
delicate positioning, and its manufacturing method, and 
an actuator unit using same. 

BACKGROUND OF THE INVENTION 

[0002] With the recent progress of semiconductor 
technology, efforts are made in order to realize the re- 
markable miniaturization of mechanical structures by 
using semiconductor technology, and electro-mechani- 
cal conversion elements such as micro-actuators or the 
like are now spotlighted. Such elements are capable of 
realizing the manufacture of small-sized highly accurate 
mechanism components, and greatly improving the pro- 
ductivity with use of a semiconductor process. Particu- 
larly, micro-actuators using piezoelectric elements are 
applied to the micro-displacement elements of a scan- 
ning tunnel microscope, and actuators for delicate po- 
sitioning such as the head slider of a magnetic disk drive 
unit. 

[0003] For example, in a magnetic disk drive unit, ef- 
forts are made as described in the following. Usually, a 
magnetic head for recording and reproducing of infor- 
mation on a magnetic disk is mounted on a head slider 
and fitted to an actuator arm. The actuator arm is rocked 
by means of a voice coil motor (hereinafter called VCM) 
and positioned to a specified track position on the mag- 
netic disk, thereby recording and reproducing the infor- 
mation with the magnetic head. However, as the record- 
ing density is increased, it is now unable to assure suf- 
ficient accuracy by using only such a conventional VCM 
for positioning. Accordingly, in addition to the positioning 
means of VCM, a technology of high-speed and highly 
accurate positioning that can be realized by fine driving 
of a head slider with use of a fine positioning means us- 
ing piezoelectric elements is proposed. [For example, 
extra-high TP! and piggy-back actuators (IDEMA Japan 
News No. 32, pp 4-7, by International Disk Drive Asso- 
ciation)]. 

[0004] As described above, various applications of 
actuators using piezoelectric elements are expected, 
but multilayer configurations such as a green sheet lam- 
inate system or a thick film multilayer system have been 
conventionally employed in particular (for example, Jap- 
anese Laid-open Patent H6-224483). However, one lay- 
er of a piezoelectric element manufactured by such 
method is about several 1 0 [xm in thickness, and there- 
fore, it requires a driving voltage of about 100V. 
[0005] As a method for solving this problem, Japa- 
nese Laid-open Patent No. H8-88419 discloses a thin 
film laminate type actuator which is small-sized and can 
be driven with a low voltage and is large in the amount 
of displacement, and its manufacturing method. That is, 
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an electrode layer of platinum or the like, a piezoelectric 
layer made up of piezoelectric material such as lead zir- 
conate titanate (PZT), an electrode layer, and a bonding 
layer made up of glass or silicon are in this order evap- 
s orated on a mono-crystalline substrate of magnesium 
oxide or the like, thereby forming a piezoelectric mem- 
ber. Piezoelectric members thus formed are bonded to 
each other by an anode bonding method, and the sub- 
strate at the side of further lamination is removed by 
10 grinding or the like, and a bonding layer is formed on the 
electrode layer then exposed. After that, a step of bond- 
ing the bonding layer to the bonding layer of another pi- 
ezoelectric member according to the procedure as de- 
scribed above is repeated to form a laminate body. After 
*5 that, inner layer electrodes are alternately taken out 
from both sides in order to obtain a laminate type actu- 
ator. Also, as a method of bonding piezoelectric mem- 
bers to each other, it is disclosed that a surface activa- 
tion bonding method and an adhesive application bond- 
20 jng method may also be employed in addition to the an- 
ode bonding method. However, in this manufacturing 
method, since an external electrode is formed from two 
sides of a laminate body, with piezoelectric member 
laminated thereon, via an insulating layer, it is necessary 
25 to form the external electrode at least for each individual 
laminate body, and there arises a problem of productiv- 
ity. Also, the configuration is such that displacement 
takes place in a direction vertical to the substrate sur- 
face, and for example, there arises a problem such that 
30 the shape is not suited for internal use as a miniature 
actuator for the head slider of a magnetic disk drive unit. 
[0006] Further, Japanese Laid-open Patent No. 
H1 1-345833 discloses a manufacturing method for 
mounting a pyroelectric element and piezoelectric ele- 
35 ment on a separately disposed electrode forming sub- 
strate with good productivity. In this method, an element 
formed on a temporary substrate with an element trans- 
fer jig is fixed at a predetermined position by using resin 
or double-side adhesive tape or the like, followed by se- 
40 lective etching of only the temporary substrate. Subse- 
quently, an electrode provided on the electrode forming 
substrate is bonded, by soldering for example, to the 
electrode of the element which is opposed thereto. After 
that, the resin or adhesive tape or the like used for fixing 
^5 the element is removed to separate the element transfer 
substrate and the element from each other, and thereby, 
a pyroelectric element and piezoelectric element are 
formed in a state of being bonded to an electrode form- 
ing substrate as specified. Since the element is fixed on 
s o the element transfer jig, there is no fear of causing the 
elements to be deformed or damaged even when the 
temporary substrate is selectively etched and removed, 
and it is possible to maintain the specified position and 
to bond them together onto the electrode forming sub- 
55 strate. However, in this manufacturing method, individ- 
ually separated elements are bonded, but such a sys- 
tem makes it relatively difficult to execute their individual 
bonding while accurately positioning the elements on 
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the element transfer substrate, and with decrease in 
size and increase in the number of electrode terminals, 
there arises a problem of positional deflection in relation 
to the electrode forming substrate. Also, the adhesive is 
required to be a material that may endure the soldering 
temperature for mounting and also to be a stable adhe- 
sive material that can be removed by a specified solution 
even after being subjected to the temperature. 
[0007] Accordingly, in a piezoelectric element which 
is formed on a substrate by laminating a plurality of pi- 
ezoelectric thin films, held between electrode layers, 
with use of adhesive, the problems to be solved are to 
provide a manufacturing method that ensures a high 
yield and good productivity without characteristics dete- 
rioration of each component material, particularly, to 
manufacture piezoelectric elements with electrodes ar- 
ranged on same surface in order to realize a piezoelec- 
tric actuator in the paired form of two elements and, at 
the same time, to improve the productivity and provide 
the products at low costs. 

SUMMARY OF THE INVENTION 

[0008] The present invention includes a thin film pie- 
zoelectric element and its manufacturing method, and 
the manufacturing method comprises the steps of: 

(1) forming electrode layers and piezoelectric thin 
films respectively on a first substrate and a second 
substrate; 

(2) bonding piezoelectric thin film formed surfaces 
in opposed relation to each other; 

(3) selectively removing only the second substrate; 

(4) forming a plurality of structures by processing 
and separating the thin films remaining on the first 
substrate individually or together in a desired 
shape; 

(5) forming an insulating layer so as to cover each 
exposed surface of the plurality of structures, and 
also, forming an external connecting electrode for 
connecting these electrode layers to external equip- 
ment, thereby obtaining a plurality of piezoelectric 
elements; 

(6) applying resin so as to cover a plurality of pie- 
zoelectric elements and bonding a temporary fixing 
substrate; and 

(7) selectively removing only the first substrate to 
separate the temporary fixing substrate from the pi- 
ezoelectric elements, and also, removing the resin 
from the piezoelectric element surfaces to individu- 
ally separate the plurality of piezoelectric elements. 

[0009] By this configuration, it is possible to precisely 
protect the thin film piezoelectric elements by the tem- 
porary fixing substrate and the resin, preventing the pi- 
ezoelectric thin film, insulating layer, or the conductive 
layer of external connecting electrode from being cor- 
roded by the etching solution of the first substrate, and 



to manufacture piezoelectric elements without charac- 
teristics deterioration of each material. Accordingly, the 
freedom of selection of these materials will be in- 
creased, and it becomes possible to employ electrode 
5 materials having excellent mounting characteristics and 
insulating layer materials capable of improving reliabili- 
ty. 

[0010] Due to this manufacturing method, bonding a 
pair of piezoelectric thin films held between electrode 
layers in particular, a number of thin film piezoelectric 
elements having a connecting electrode only on one 
plane side can be manufactured on a sheet of substrate. 
Also, it is easy to manufacture an actuator element con- 
sisting of a pair of piezoelectric elements, integrating 
two piezoelectric elements of such paired structure into 
a set. Such piezoelectric elements will give rise to the 
increase of strength and also may enable shortening of 
the working man-hour in the manufacturing processes 
and the mounting process such as wire bonding proc- 
ess. 

BRIEF DESCRIPTION OF THE INVENTION 

[0011] Fig. 1 is a plan view of an actuator element 
manufactured by a manufacturing method in the first 
preferred embodiment of the present invention. 
[0012] Fig. 2A is a sectional view of the X' - X* portion 
of the actuator shown in Fig. 1 . 

[0013] Fig. 2B is a sectional view of the X' - X' portion 
of the actuator shown in Fig. 1 . 

[0014] Fig. 3 is a perspective view showing a disk unit 
using an actuator formed by the manufacturing method 
in the first preferred embodiment. 
[0015] Fig. 4A is a side view showing the positions of 
the first laminate body and the second laminate body in 
a main step of the manufacturing method in the first pre- 
ferred embodiment of the present invention. 
[0016] Fig. 4B is a sectional view of the first and sec- 
ond laminate bodies bonded via a bonding layer. 
[0017] Fig. 4C is a sectional view showing a structure 
with the second substrate removed. 
[0018] Fig. 5A is a sectional view showing a plurality 
of structures on the first substrate formed by selective 
etching in a main step of the manufacturing method in 
the first preferred embodiment of the present invention. 
[0019] Fig. 5B is a sectional view showing a plurality 
of structures coated with insulating layer. 
[0020] Fig. 5C is a sectional view showing a plurality 
of structures coated with temporary fixing substrate and 
insulating layer, which are bonded by resin layer. 
[0021] Fig. 6A is a sectional view showing a plurality 
of structures with only the first substrate etched and re- 
moved by chemical solution in a main step of the man- 
ufacturing method in the first preferred embodiment of 
the present invention. 

[0022] Fig. 6B is an arrangement view showing the 
arrangement of a structure formed on a temporary sub- 
strate which is stored in a mesh vessel containing a so- 



15 



20 



25 



30 



35 



40 



45 



50 



3 



BNSDOCID: <EP 1 298735A2_I_> 



EP 1 298 735 A2 



lution. 



[0023] Fig. 6C is an arrangement view showing the 
arrangement of a structure in a mesh vessel with resin 
dissolved and removed. 

[0024] Fig. 7 is a perspective view for describing the 
step of separating the temporary fixing substrate in the 
manufacturing method in the first preferred embodiment 
of the present invention. 

[0025] Fig. 8A is a plan view of a piezoelectric element 
formed by the manufacturing method in the second pre- 
ferred embodiment of the present invention. 
[0026] Fig. 8B is a sectional view of the Y - Y' portion 
in Fig. 8A. y 

[0027] Fig. 9A is an arrangement view showing a plu- 
rality of first substrates bonded on a temporary fixing 
substrate in a main step of the manufacturing method 
m the second preferred embodiment of the present in- 
vention. 

[0028] Fig. 9B is an arrangement view showinq the 
structure of Fig. 9A which is stored in a mesh vessel and 
immersed in solution, with the first substrate removed 
[0029] Fig. 1 0A is a plan view of an actuator with 
paired two piezoelectric elements made by the manu- 
factunng method in the third preferred embodiment of 
the present invention. 

[0030] Fig. 1 0B is a sectional view of the T - V portion 
in Fig. Fig. 9A. 

[0031] Fig. 11 A is a plan view of an actuator with 
paired two piezoelectric elements made by the manu- 
factunng method in the fourth preferred embodiment of 
the present invention. 

in Fig 1 1 0* ' 1 1 B ' S * S6Cti ° nal view of the Y ' Y ' P° rti °n 
DETAILED DESCRIPTION OF THE INVENTION 

[0033] The preferred embodiments of the present in- 
vention will be described in the following with reference 
to the drawings. 

FIRST EXEMPLARY EMBODIMENT 

[0034] Fig. 1 is a plan view of an actuator with paired 
two piezoelectric elements made by the manufacturing 
method in the first preferred embodiment. The actuator 
element is used in a magnetic disk drive unit, for the 
purpose of accurately and delicately positioning a head 
slider to a specified track position on the disk The ac- 
tuator element shown comprises paired two piezoelec- 
tric elements 70, and the paired elements 70 are formed 
in mirror image fashion to each other against the A - A' 
Mne. The sectional structures along the X - X' line and Y 
- Y line in Fig. 1 are respectively shown in Fig. 2A and 
Fig. 2B. The configuration is described in the following 
with reference to these figures. 

[0035] As shown in Fig. 2A and Fig. 2B, the paired 
piezoelectric elements 70 are same in structure and in 
each of these, first piezoelectric thin film 53 held be- 



tween first lower electrode layer 52 and first upper elec- 
trode layer 54 is bonded to second piezoelectric thin film 
57 held between second lower electrode layer 56 and 
second upper electrode layer 58 by bonding layer 60 
thereby forming structure 66, and insulating layer 62 is 
formed so as to cover the structure 66. At the same time 
the insulating layer 62 is formed in such manner as to 
fi I an area 63 between via-holes 96, 98 provided in each 
of the paired piezoelectric elements 70, and thereby the 
'o Pa^ed piezoelectric elements 70 are integrated Due to 
this configuration, handling and positioning in mounting 
the elements on a substrate will be simplified. 
[0036] Also, for the connection of these electrode lay- 
ers to external equipment, as shown in Fig 2B elec- 
ts trode layer 73 for connection to the via-holes 96 98 is 
formed by photolithography and etching in order to 
make external connecting electrode 75 for connection 
to specified external equipment. As to the first lower 
electrode layer 52, the portion exposed by etching the 
range from the second lower electrode layer 56 to the 
first piezoelectric thin film 53, as to the second lower 
electrode layer 56, the portion exposed by etching the 
insulating layer 62, and as to the first upper electrode 
layer 54 and the second upper electrode layer 58 the 
portion led out to the surface from the via-holes 96 98 
by using the connecting electrode 73, are respectively 
the external connecting electrode 75. 
[0037] One embodiment of a disk drive unit using an 
actuator element having such a configuration is shown 
in Fig. 3. Actuator unit 230 comprises slider 231 with a 
head (not shown) for recording and reproducing on a 
disk, suspension 233, actuator element 232 having a 
pair of thin film piezoelectric elements, plate spring 234 
supporting arm 236, and flexible wiring board 235 

35 £°c 381 ™f SHder 231 is su PPOrted by the suspension 

233, and a head (not shown) is mounted on a surface 
opposing to disk 21 0. The actuator element 232 having 
the paired thin film piezoelectric elements 70 is fixed 
close to the slider 231 , on the suspension 233 

40 oo°. 39J 1116 sus P ension 23 3 's fixed on the plate spring 

234, and the plate spring 234 is fixed on the supporting 
arm 236. The suspension 233, plate spring 234 and sup- 
porting arm 236 make up a support member 
[0040] The supporting arm 236 is joumaled on bear- 
ing 240 and is free to rotate. Also, the supporting arm 
236 is provided with the flexible wiring board 235 for 
electrically connecting the head and actuator element 
232 to external circuits. Further, the supporting arm 236 
is provided with voice coil 250 making up a voice coil 
motorforrotating the supporting arm 236. The voicecoil 
250 and a magnet (not shown) secured on a casing (not 
shown) make up a voice coil motor. Accordingly, the ac- 
tuator unit 230 is capable of positioning in two steps 
that .s, positioning by the voice coil motor and position- 
as mg by the actuator element 232. 

[0041] The operation of a disk drive unit using the ac- 
tuator unit 230 will be described in the following When 
the d.sk 21 0 is rotated by spindle motor 220, air flows in 
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between the slider 231 and the disk 21 0, forming an air 
lubricating film. When the pressure of the air lubricating 
film is balanced with the pressing force of the plate 
spring 234, the slider flys and becomes stabilized. The 
flying height ranges from about 10 nm to 50 nm. Since 5 
the head is positioned to the specified track position of 
disk 210 while the slider is in a state of such flying, the 
supporting arm 236 is rotated by the voice coil motor. In 
an ordinary disk drive unit, positioning to a specified po- 
sition can be done only by the voice coil motor. However, 
in the case of higher density recording, the track density 
will also be increased, and it is required to execute such 
positioning with higher accuracy. The actuator element 
232 having thin film piezoelectric elements 70 is intend- 
ed to meet the requirement The actuator element 232 
is disposed near the slider 231 of the suspension 233, 
and by driving the actuator element 232, the head posi- 
tion can be freely moved by about several jim irrespec- 
tive of the suspension 233 and the supporting arm 236. 
That is, since the actuator element 232 includes a pair 
of thin film piezoelectric elements 70 being same in 
structure, the head position can be moved by about sev- 
eral u,m by applying a voltage in such direction that one 
element expands while the other shrinks. Since the ac- 
tuator element 232 is disposed near the slider 231 , it is 
possible to drive only the slider 231 irrespective of the 
suspension 233 and the supporting arm 236. 
[0042] Due to the above operation, highly accurate 
positioning can be performed in two steps by means of 
voice coil motor and actuator elements 70. The actuator 
unit 230 is only an example, and it is preferable to use 
various configurations for a support member in particu- 
lar. 

[0043] A manufacturing method for the piezoelectric 
element 70 will be described in the following with refer- 
ence to Fig. 4A to Fig. 7. In the process drawings of Fig. 
4A to Fig. 6C is shown the sectional portion along the X 
- X' line in Fig. 1 . 

[0044] Fig. 4A shows a state such that a laminate 
body with the first lower electrode layer 52, the first pi- 
ezoelectric thin film 53, and the first upper electrode lay- 
er 54 sequentially formed on the first substrate 51 , and 
a laminate body with the second lower electrode layer 
56, the second piezoelectric thin film 57, and the second 
upper electrode layer 58 similarly sequentially formed 
on the second substrate 55 are arranged so that the first 
upper electrode layer 54 is opposed to the second upper 
electrode layer 58. For example, by using a surface 
(1 00) of a magnesium oxide mono-crystalline substrate 
(MgO substrate) as the first substrate 51 and the second 
substrate 55, and forming a film by sputtering platinum 
(Pt) target as the first lower electrode layer 52 and the 
second lower electrode layer 56, it is easy to obtain a Pt 
electrode layer oriented to the surface (100). Further, by 
forming a film by sputtering lead zirconatetitanate (PZT) 
target on the first lower electrode layer 52 and the sec- 
ond lower electrode layer 56 made up of the Pt layer, a 
piezoelectric thin film having good piezoelectric charac- 
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teristics which is oriented in a vertical direction to a per- 
ovskite type film can be obtained. Since the first piezo- 
electricthin film 53 and the second piezoelectric thin film 
57 of about 3 u.m in thickness may be used, it is possible 
to set the driving voltage to 1 0V or less. 
[0045] Accordingly, since the first lower electrode lay- 
er and the second lower electrode layer are formed by 
using same material and same film deposition appara- 
tus, it is possible to indiscriminately execute the elec- 
trode layer depositing operation with respect to the first 
substrate and the second substrate, and as a result, the 
expensive film deposition apparatus can be efficiently 
used, enabling the further improvement of the produc- 
tivity. Also, since the first upper electrode layer and the 
second upper electrode layer, the first piezoelectric thin 
film and the second piezoelectric thin film are formed by 
using same material and same film deposition appara- 
tus, it is possible to efficiently execute the piezoelectric 
thin film deposition operation that usually takes much 
time and labor. Furthermore, by forming the first piezo- 
electric thin film and the second piezoelectric thin film 
simultaneously on same apparatus, it is possible to 
make the piezoelectric thin film nearly uniform in char- 
acteristics in a state of laminate. Particularly, with the 
first substrate and the second substrate being identical 
with each other, and with the first lower electrode layer 
and the second lower electrode layer being identical 
with each other, simultaneous forming of piezoelectric 
thin film on these substrates enables making them iden- 
tical in electric field strength even when a voltage is 
equally applied to each piezoelectric thin film of the pi- 
ezoelectric element, making itpossibleto obtain uniform 
characteristics and to improve the reliability. Also, by us- 
ing the first substrate and the second substrate being 
same in material and shape, it is possible to make the 
piezoelectric thin film formed on these substrates nearly 
same in characteristics. Further, since the first piezoe- 
lectric thin film and the second piezoelectric thin film can 
be formed under same conditions, it is possible to exe- 
cute simultaneous film forming and to improve the pro- 
ductivity. 

[0046] Also, as a material for the first upper electrode 
layer 54 and the second upper electrode layer 58, there 
is no particular limitation provided that the material has 
selectivity such that the electrode layer is not etched 
when etching the piezoelectric thin film. Similarly, it is 
preferable to use Pt layer, and also to use metals such 
as nichrome, gold, copper, tantalum, and nickel, or con- 
ductive materials such as oxide or nitride. 
[0047] Two substrates thus formed are bonded to 
each other by adhesive, as shown in Fig. 4B, with the 
first upper electrode layer 54 and the second upper elec- 
trode layer 58 opposed to each other. The adhesive is 
desirable to be inorganic or organic adhesive generally 
used for bonding metals or ceramics, of which adhesive 
layer 60 after bonding has no viscoelasticity. Further, it 
is possible to use photo resist materials provided that 
the material after bonding has no viscoelasticity, and 
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be used as effective adhesive. Also, the thickness of art 
hes,ve iayer 60 is desirable to be nearty sa m as " * of 

tTe n r 6 P 0 6l r iC tHin fi ' m 57 ^ast The ad °- 
s.ve layer 60 is enhanced in strength as a structure 
wh leprocessabNity may be assured in making via-holes 

for fomi,ng external connecting electrodes from the sec 
ond piezoelectric thin film 57 That is in ea^Thl !^ 

lor ' ' h t Stren9th as a Piezoelectric element will be 
improved, but it will become more difficult to make via 
holes for connecting the first upper electrode layer 54 
and the second upper electrode layer 58 to the external 
connects electrodes. Control f the adhere faye 
M 3n thS S6C0nd P ie2 °electric thin film 57 

it will be eas,er to make via-holes, but the strenoth as a 
p.ezoe.ectric element is decreased. ,„ order tfsofve 
these problems, the thickness of the adhesive laye° 60 
-s desirable to be nearly equal to that of the second oi 
ezoelectric thin film 57 P '" 

sTsle^V 5 r° Wn " Fi9 ' 4C ' ° n * the se oond 
substrate 55 ,s selectively removed. As the removing 
method, ,t is possible to employ a wet etchino or 

The firet substrate 51 ^-^S 

subst a ! S 9 SamS materia '' When the ^cond 
substrate 55 ,s removed by wet etching, it is desirable 
to previously cover the substrate wrth a material such 
as photo resist that has resistance to etching so that me 

mg solution. In case a mono-crystalline substrate of 

suSte 55° X can e b " SUbStrate ' the ^3 
suDstrate 55 can be removed by using heated ohos- 

subst™* Ut '° n - A ' SO ' WhSn 3 si,icon ^no-c^taSine 
substrate ,s used, it can be removed by using the mixed 
solution of hydrofluoric acid and nitric acid 
[0049] When a dry etching method is employed the 
first substrate 51 is placed in tight contact with the etch 
•ns I table, and therefore, only the side surface o f th " St" 

ace of Th?; T neoessaf y <° cover the entire sur- 
Sant t SUbStrate 51 With 8 material »* >■ re- 

sSstra esIt'" 9 A ' S °' When the se 'ond 

l^nnT ? m ° Ved ' tt iS also P° ssible to Polish the 
second substrate 55 to make it thinner beforeremovnq 

Sn,ni ^! bV WSt 6tChin9 0r dr * ete ^"9- 
[0050] Wrth the second substrate 55 removed all the 
laye re mc, udingtne second .owere.ectroXye r5 6 ^ 
second piezoelectric thin fi.m 57, and the second upper 

a et:lr f r h 58 f0mied ° n the sec °nd substrate^ 
a e n a state of be.ng accumulated on the first substrate 

oho o.rtho I' ^ Se,eCtiV6,y rem ° Vin 9 the PO*on by 
eSb hs ^ 

ed by the broken line ,n Fig. 1 , it is possible to obtain a 
P urali* of structures 66 separated on the first subtate 
51 as shown in Fig. 5A. 

[0051] For example, when separating all the laminat 

56 the? ^ f hin9 - thS SeCOn ° •o^e.ecCeTye 
56, the second piezoelectric thin film 57, the second up- 
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per electrode layer 58, adhesive layer 60, the first uooer 

ttet:,? 0 ,a ^ 

the f rst lower electrode layer 52 can be removed by dry 
e ch.ng respectively with use of different reaction gases 
5 ° r Same reacti on gas, after forming photo resisHn a 
spec.f.ed pattern. It is also possible to empTy 1 wet 
etehing method or to perform a combination of both Te 
etching and dry etching as needed. The process can be 
simp., .ed by forming via-holes 96, 98 a HheTme Sme 
when forming the structure 66 

sSr e r«« her ' ^ Sh ° Wn in Rg - 5B ' the P'^ality of 
structures 66 are coated with insulating layer 62 The 
insulating layer may be formed by applying liouW resin 
and hardening it by heat treatment . R?2££ TS 

Ifr? aPP ' y HqUid P ° ,yamide b * -ingTspIn e" 
and after drymg, to heat it at about 350-C to obtain a 
pofy.rn.de layer, or to apply other organic resin X>wed 
by heating and hardening, or to form a layer based on 
silicon oxide according to a sol-gel method. Moreover 

Zzz e l °r a si,icon oxide ,ayer > *S 
So:^ D r; e o°d fthesewhicharef — dbys p- 

.Sin/r her c o fterph0t0lith09raph y and eto "ing of 
insulating layer 62 ,n the area of via-holes 96 98 the 

* connecting electrode 73 is formed as shown in F,q 2B 

as described above. As a result, the external connecting 

electrodes 75 are formed for the connection of eac? 

acSvina fhi ert ° 6Xternal eqUiPment ' AS 3 
30 Tr^ 9 PUrp ° Se ' t0 ex P° se on| y the first lower 
«T ' ayer 52 f ° r examp,e ' after Aching up toThe 
again" 'to ST* P6rf0rm 
remove SPeC,f ' ed r6SiSt Pattern be,ore ^hing to 

remove the unessential portion of the first lower elec- 
rode layer 52, then only the specified pattern of the St 
* ower electrode layer 52 can be exposed. In th l ease 
to make the first piezoelectric thin 1 53 harder te be 
exposed to the chemical solution for removing the Vrst 
subst ra te 51, it is one of the effective means'* ma e 

40 Lt n f T el6Ctr0de l3yer 52 3 little wider than the 
first pi ezoelectric thin film 53. The purpose mav be 
achieved by disposing only the area of Vernal con 

trode n L ele< ; t " de 75 ^ reSPeCt 10 the 
than f 3053 3,80 simultan eously forming it wider 
45 S Z ^ Shape ° f ,he first Piezoelectric thin film 
53, and such a pattern can be simply made without in 
creasing the number of steps 

[0054] Also, the portion of via-holes 96, 98 can be 
formed by selectively etching the second ower e ,e C 

- at the sDecrt h nd SeC ° nd piez oelectric thin film 57 
at the specified position shown in Fig. 2B, thereby ex 
posing the second upper electrode .aye 58 s ub se 
quently, the purpose can be achieved by making a resist 

sTcLt^? Wh ' Ch is - a ''er thr^ 

selectively etched area, followed by etching the second 

ter that, torn, the insulating layer 62 and etch it in the 

electrode 73 to make the specified pattern shape, then 
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the first upper electrode layer 54 and the second upper 
electrode layer 58 connected in common are led out to 
the surface, and thereby, a structure having the external 
connecting electrode 75 on the surface can be obtained. 
[0055] According to this manufacturing method, the 5 
external connecting electrodes can be formed together 
on the first substrate, and also, mounting by wire bond- 
ing for example, for the connection to external equip- 
ment, can be efficiently performed. Further, since the ex- 
ternal connecting electrodes are concentrated on one 
surface, it is easy to bond the piezoelectric elements to 
the substrate. 

[0056] Also, as the adhesive layer 60, conductive ma- 
terial can also be used, and in that case, it is not neces- 
sary to perform the above second pattern forming and 
etching, and the process can be simplified. Further, 
even when it is necessary to separately take out the first 
upper electrode layer 54 and the second upper elec- 
trode layer 58, it can be easily performed in a similar 
step. 

[0057] A pair of piezoelectric elements 70 thus formed 
on the first substrate 51 are covered with resin layer 76, 
and at the same time, temporary fixing substrate 74 is 
bonded by the resin layer 76. By this method, bonding 
of the temporary fixing substrate and forming of the resin 
layer to protect the piezoelectric element from the etch- 
ing solution can be done at one time, and thereby, the 
process can be simplified. It is illustrated in Fig. 5C. The 
resin layer 76 is required to have adhesion of such a 
level that the temporary fixing substrate 74 will not peel 
off in the step of removing the first substrate 51 and to 
be a material capable of resisting the chemical solution 
used for removing the first substrate 51 by etching or 
the reaction gas used for dry etching. For example, tar- 
based wax, acrylic adhesive, thermosetting resin, or 
photo resist can be employed. Also, it is preferable to 
initially cover the piezoelectric element 70 with photo re- 
sist for example and dry it to form the resin layer 76, 
followed by bonding the temporary fixing substrate 74 
with acrylic adhesive or the like. By using such configu- 
ration, it is possible to make the solution for dissolving 
the adhesive different from the solution for dissolving the 
photo resist, resin layer 76. As a result, since the piezo- 
electric element 70 is not exposed to the solution for dis- 
solving the adhesive, it is possible to prevent the piezo- 
electric element 70 from changing in quality due to the 
solution. 

[0058] That is, because the piezoelectric element 70 
is precisely protected by the temporary fixing substrate 
74 and resin 76 during etching performed for selectively 
removing the first substrate 51 , the piezoelectric thin 
films 53, 57 of piezoelectric elements 70, insulating layer 
62, or the conductor layer 73 of external connecting 
electrode 75 can be prevented from being corroded by 
the etching solution. Also, the freedom of selection of 
these materials will be increased, and it becomes pos- 
sible to use electrode materials having excellent mount- 
ing characteristics and insulating layer materials capa- 
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ble of improving the reliability 

[0059] Further, as the temporary fixing substrate 74, 
various materials such as glass, metal or ferrite, alutic 
(mix ceramics of alumina and titanium carbide) , ceramic 
material such as alumina can also be used as they are. 
However, it is required to select a material that is not 
corroded by the chemical solution and gas for removing 
the first substrate 51 , the gas containing active species 
in dry etching, or the gas partly ionized at least in dry 
etching. On the other hand, by forming a layer that is not 
corroded by such solution or reaction gas over the entire 
surface of these substrate materials, it is possible to in- 
crease the freedom of selection of the temporary fixing 
substrate 74 and also to enable its repeated using. For 
example, when glass is used as the temporary fixing 
substrate 74, and silicon mono-crystalline substrate (Si 
substrate) as the first substrate 51 , it is preferable to 
form a chrome layer over the entire surface of the glass. 
Also, when a stainless sheet, iron plate, copperplate or 
the like is used as the temporary fixing substrate 74, and 
MgO substrate as the first substrate 51 , it is preferable 
to form a chrome layer, silicon oxide layer or the like over 
the entire surfaces of these metal plates. 
[0060] Fig. 6A shows a state of the piezoelectric ele- 
ment 70 with the first substrate 51 removed by etching 
with a chemical solution after bonding the temporary fix- 
ing substrate 74. Due to this process, the paired piezo- 
electric elements 70 are separated from both the first 
substrate 51 and the second substrate 55 used for film 
forming purpose but fixed to the temporary fixing sub- 
strate 74 by the resin layer 76, which are therefore free 
from deforming and wrinkling, and also, maintained in 
the relative positions as specified. 
[0061] Next, as shown in Fig. 6B and Fig. 7, the pie- 
zoelectric element 70 held on the temporary fixing sub- 
strate 74 is put into mesh vessel 82 and immersed into 
vessel 80 containing solution 84 for dissolving the resin 
layer 76, and thereby, the temporary fixing substrate 74 
is separated by dissolving the resin layer 76. For exam- 
ple, when tar-based wax is used as the resin layer 76, 
it is preferable to use xylene as the solution 84. When 
acrylic adhesive is used, it is preferable to use the ex- 
clusive solution provided for each purpose. In Fig. 6B, 
the piezoelectric element 70 is held in contact with the 
mesh vessel 82, but it is also preferable to hold the 
paired piezoelectric elements 70 in a state of rising a 
little from the bottom of the mesh vessel 82, holding the 
temporary fixing substrate 74 against either side of the 
mesh vessel 82. In this way, the piezoelectric elements 
70 may be prevented from coming into contact with the 
bottom of the mesh vessel 82 and being damaged. 
[0062] Making the mesh of the mesh vessel 82 small- 
er in size than the piezoelectric element 70 at least, it is 
possible to prevent the piezoelectric element 70, even 
when separated from the temporary fixing substrate 74, 
from falling through the mesh hole onto the bottom of 
the vessel 80 and being broken into pieces. Also, when 
taking the mesh vessel 82 out of the vessel 80, the 
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chemical solution may easily go out through the mesh 
holes, it is possible to precisely remove the resin layer 
76 sucking to the piezoelectric elements 70. Further it 
« also very easy to put the piezoelectric elements 70 

poses" V6SSel '° r StSam Cleani " 9 and dryin 9 P" r - 

m!!t 31 7 n Fi9 l 6C Sh ° WS 3 State of the Piezoelectric ele- 

22? r m 5 6 meSh VeSSel 82 ,aken out of ^ vessel 
80 afterfin.shmg such dissolving and removing process- 

elelntf In '° m ° V6 the paired ^^electric 

elements 70 be.ng held in the mesh vessel 82 onto a 

roofiTi a h with use 0,a mountin 9 W"** 
KUii 1 .f 6Scnbed above - fa y amoving the first sub- 
strate 51 while the piezoelectric element 70 is once held 
r " S '" g the temporary fixing substrate 74 andprotected 
from the chemical solution, bad influences given by the 
chemical solution to the piezoelectric element 70 can be 
precisely prevented. Accordingly, the reliability and yield 

^hhT e,e . C J riC e ' emem 70 may be 9 re *'y improved, 
n addition, the paired piezoelectric elements 70 bonded 

te TP° rar y fixin 9 subst rate 74 and held facing the 

,Tr m °1 mSSh VeSS6 ' 82 Can be immerse d into the 
tuT?. .I*"* by se P aratin 9 th e temporary fixing sub- 
strate 74, the paired piezoelectric elements 70 can be 
precisely held on the mesh vessel 82 without causing 
damage thereto. a 

EJ? 1 ^ AIS0 ' SinCS thS rSSin ,ayer 76 is remove d while 
holding the p.ezoelectric elements 70 together with the 
temporary fixing substrate 74 in the mesh vessel 82 it 
is possible to remove the first substrate 51 and to clean 
a plurality of piezoelectric elements 70 held in the spec- 
ified positions, and to easily and precisely chuck these 
elements without breakage when handling the piezoe- 
ectnc elements 70 in the mounting process. Also, with 
he temporary fixing substrate 74 separated and the res- 
in layer 76 removed from the piezoelectric element 70 
a plurality of piezoelectric elements are held in a state 
of facing the same side as in the mesh vessel 82 and 
h ;;f H re ' tbe y can be easily take out and cleaned as 
needed and also can be simply mounted by means of 
a mounting apparatus. 

[0066] And, in the manufacturing method of the first 
preferred embodiment, an actuator element using two 
piezoelectric elements 70 as a pair has been described. 
A similar manufacturing method can be employed even 
in the case of using one piezoelectric element, and 

relSj. k ^ P0SSib ' e l ° impr ° Ve the yield and 

ES A,S «°o i0 ,irBt Preferred embodiment, insu- 
ring layer 62 ,s not formed on the surface of the first 
lower electrode layer 52 contacted on the first substrate 
51 of the paired piezoelectric elements 70, but it is also 
preferable to apply adhesive to the surface of the first 
lower electrode layer 52 to let it serve as an insulating 
layer on the surface of the first lower electrode layer 52 
of the piezoelectric element 70 when bonding the paired 
^piezoelectric elements 70 onto the suspension (not 
shown). Or, as shown in Fig. 6A, since the piezoelectric 



element 70 is fixed with respect to its position by the 
temporary fixing substrate 74 even with the first sub- 
strate 51 removed, it is preferable to form an insulating 
layer (not shown) on the first lower electrode layer 52 
as well. Thus, by covering the entire surfaces of the el- 
ements with insulating layer, it is possible to prevent low- 
ering of the moisture resistance reliability of the piezo- 
electric element 70 in particular 

w fh! 681 ^ rth6r ' ,he first preferred embodiment, in 
the manufacture of an actuator element using two pie- 
zoelectric elements as a pair, the two piezoelectric ele- 
ments can be arranged with high accuracy, and also 
the paired piezoelectric elements are formed of thin lay- 

15 fhf n t0 6aCh ° ther ' if is eas y t0 make uniform 

Jep.ezoelectr.ccharacteristics of both elements In ad- 
dition, since the two structures are partially connected 
to have an integral configuration, it is easy to prevent 
the paired piezoelectric elements from being deformed 

20 1 St T ° f rem ° Vin9 fr0m the temporary fixing sub- 
strate and ,n the step of mounting onto the substrate of 
the equipment, and also, possible to ensure highly ac- 
curate positioning. M y 
[0069] According to the manufacturing method in the 
first preferred embodiment, thin film piezoelectric ele- 
ments hav.ng protective layers with high mass-produc- 
fion eas.b.lity can be obtained with external connecting 
electrodes arranged on the same surface. Further, since 
the entire surfaces of the structure including two piezo- 

30 1 7 mentS 70 38 3 Pair are cove red with an insu- 
lating layer. ,t ,s possible to obtain thin film piezoelectric 
e ements which may be protected from external mois- 
ture and corrosive gases. Also, it is configured that each 
of the paired piezoelectric elements is nearly equal in 
thickness to the bonding layer. In this way, the amount 
* of displacement generated when same electric potentia 
applled 10 each of »e piezoelectric thin films becomes 
nearly identical with the electric field strength Also 
since the bonding layer is nearly equal in thickness to 
40 * e p,e2oelectric thi " Aim, it is possible to execute pat- 
tern forming and external connecting electrode forming 
by va-ho es with high accuracy and excellent reliability 
enabling the manufacture of piezoelectric elements hav- 
ing great strength. 

[0070] Also, in the first preferred embodiment, a case 
of using same material forthe first lower electrode layer 
52 and the second lower electrode layer 56 has been 
descnbed, but the present invention is not limited to this 
For example, there are no particular limitations provided 
so S! J the h material for electrode layers is able to endure 
he heating condition in film forming in order to provide 
the first piezoelectric thin film 53 and the second piezo- 
elec nc th ,n film 57 with specified piezoelectric charac- 
teristics or the heat treatment condition after film form- 
mg, and is capable of selective etching. 

SECOND EXEMPLARY EMBODIMENT 

[0071] Fig. 8A is a plan view piezoelectric element 90 
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made by the manufacturing method in the second pre- 
ferred embodiment. Fig. 8B shows the Y - Y' portion of 
same. The piezoelectric element 90 made by the man- 
ufacturing method in the present embodiment has a rec- 
tangular shape that is very thin in contrast with the plane 
shape. The elements corresponding to the component 
elements shown in Fig. 1 and Fig. 2 are provided with 
same reference numbers. In the second preferred em- 
bodiment, connecting electrode layer 73 for electrically 
leading the first upper electrode layer 54 and the second 
upper electrode layer 58 out to the surface of piezoelec- 
tric element 90 is formed on all of the external connect- 
ing electrodes 75. By this configuration, since same wire 
bonding condition can be adopted for the connection to 
external equipment, it is possible to perform efficient 
mounting. The piezoelectric element 90 can be used as 
an actuator element the same in the first preferred em- 
bodiment, and also, as a sensor for detecting the voltage 
in accordance with expansion and contraction. 
[0072] Regarding the manufacturing method for the 
piezoelectric element 90, only the steps that differ from 
those in the manufacturing method in the first preferred 
embodiment will be described with reference to Fig. 9A 
and Fig. 9B. The same as in the manufacturing method 
in the first preferred embodiment, a plurality of piezoe- 
lectric elements 90 are formed on the first substrate 51 
in the present preferred embodiment. However, unlike 
in the first preferred embodiments, they are individually 
used. The configuration with the piezoelectric element 
90 formed on the first substrate shown in Fig. 9A is iden- 
tical with Fig. 5B in the manufacturing process in the first 
preferred embodiment. In the manufacturing method in 
the present preferred embodiment, the points of differ- 
ence from the manufacturing method in the first pre- 
ferred embodiment are that the size of temporary fixing 
substrate 86 is larger than that of the first substrate 51 
as shown in Fig. 9A and that a plurality of first substrates 
51 with piezoelectric elements 90 formed on the tempo- 
rary fixing substrate 86 being larger in area than one 
sheet of the first substrate 51 can be bonded and se- 
cured. 

[0073] In the present preferred embodiment, metal, 
glass, or ceramic and the like can be used for the tem- 
porary fixing substrate 86. Further, it is also possible to 
form a layer on the surfaces of these substrates, which 
is made up of metal, oxide, or organic matter that may 
resist the chemical solution used for etching to remove 
the first substrate 51 . The method of bonding the first 
substrate 51 onto the temporary fixing substrate 86 is 
preferable to be identical with the method in the first pre- 
ferred embodiment. However, it is more desirable to per- 
form the bonding operation at specified pitch intervals 
because the workability of handling by the mounting ap- 
paratus after cleaning and drying may be improved. 
Since a plurality of first substrates 51 provided with pi- 
ezoelectric elements 90 are bonded onto the temporary 
fixing substrate 86, the time required for removing the 
first substrate 51 can be considerably reduced. For ex- 



ample, the time for the operation can be shortened to 
nearly one fifths by bonding five sheets of first sub- 
strates 51 and by simultaneously etching and removing 
these substrates. 
5 [0074] That is, it is possible to bond a plurality of first 
substrates 51 with piezoelectric elements formed on a 
temporary fixing substrate whose area is larger than that 
of the first substrate, and to remove the first substrates 
51 all together, and thereby, the step of removing the 
first substrates 51 may be simplified. Further, the step 
of separating a plurality of piezoelectric elements from 
the temporary fixing substrate can also be simplified. 
[0075] Fig. 9B shows a state of the piezoelectric ele- 
ment immersed in solution 84 for dissolving resin layer 
76 after removing the first substrate 51 . This process is 
same as in Fig. 6B shown in the first preferred embod- 
iment. The vessel 80 contains the solution 84, and the 
piezoelectric elements 90 bonded to the temporary fix- 
ing substrate 86 are similarly held in the mesh vessel 
82. The mesh of the mesh vessel 82 being made smaller 
in size than the piezoelectric element 90, the piezoelec- 
tric 90 when separated from the temporary fixing sub- 
strate 86 will not fall through the mesh onto the bottom 
of the vessel 80. 

[0076] In Fig 9B, the piezoelectric element 90 is held 
in contact with the mesh vessel 82, but it is also prefer- 
able to hold the temporary fixing substrate 86 against 
either side of the mesh vessel 82, holding the piezoe- 
lectric element 90 in such manner that it does not come 
in contact with the bottom of the mesh vessel 82. Clean- 
ing and drying may be executed in the same way as in 
the first preferred embodiment. Since many piezoelec- 
tric elements 90 are arranged in one mesh vessel 82, 
the step of mounting them on a specified substrate after 
cleaning and drying may be further improved in efficien- 
cy. 

[0077] The steps after that are same as in the manu- 
facturing method in the first preferred embodiment and 
the description is omitted here. 

[0078] In the second preferred embodiment, a meth- 
od of manufacturing a piezoelectric element that is near- 
ly rectangular in shape has been described, but it is 
needless to say possible to manufacture an actuator el- 
ement using two piezoelectric elements as a pair in the 
same way as described in the first preferred embodi- 
ment. 

THIRD EXEMPLARY EMBODIMENT 

[0079] Fig. 1 0A is a plane view of an actuator element 
with two piezoelectric elements as a pair made by the 
manufacturing method in the third preferred embodi- 
ment of the present invention. Fig. 10B is a sectional 
view of the Y - Y' portion of same. The elements which 
are identical with the component elements shown in Fig. 
1 are provided with same reference numbers. Regard- 
ing the manufacturing method in the present preferred 
embodiment, only the steps that differ from those in the 
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[0080] in this preferred embodiment, the steps up to 
the step of removing the second substrate 55 are same 
as in the first preferred embodiment. After the step of 
removmg the second substrate 55, photolithography 
and etching treatment are executed on a substrate (as 
shown in Fig. 4C) with all the layers including the second 

ZV ' ayer 56 ' ,he S6C0nd ^electric thin 

film 57 and the second upper electrode layer 58 accu- 
mulated on the first substrate 51 . Then, as shown in Fig 
1 0B, the second lower electrode layer 56 located in the 
area between two via-holes 96, 98 and at top surface 
94 near there is removed by etching. In this case, in or- 
der to completely remove the second lower electrode 
layer 56, ,t is preferable to perform the etching even on 
a i part of the second piezoelectric thin films/. As a result 
the respective second lower electrode layers 56 of 
pa,red two piezoelectric elements 92 are electrically 
separated from each other. On the other hand, two lay- 
ers of piezoelectric thin films 53, 57, bonding layer 60 
the first and second upper electrode layers 54 58 are 
not subjected to etching in the area between hvo via- 
holes 96, 98 and on the surface near there, but they are 
integrated. Accordingly, the strength in handling two pi- 

fn ft °» f e ' ementS 92 as a pair ma V be increased 
[0081] After that, the same steps up to the step shown 
in Fig. 6A in the manufacturing method in the first pre- 
ferred embodiment are executed. After removinq the 
first substrate 51 , and with the element bonded and se- 
cured on the temporary fixing substrate 74, photolithoq- 
raphy and etching are executed. Thus, as shown in Fig 
10B, the first lower electrode layer 52 in the area be- 
tween two via-holes 96, 98 and at undersurface 95 near 
here are removed by etching. Also in this case, in order 
to completely remove the first lower electrode layer 52 
it ■ allowable to perform the etching on a part of the first" 
piezoelectric thin film 53. In this way, the respective first 
lower electrode layers 52 of paired piezoelectric ele- 
ments 92 are electrically separated from each other In 
this step, since many piezoelectric elements 92 are 
bonded and secured on the temporary fixing substrate 
74, the layers can be removed by etching all together 
enabling efficient operation. As a method of removinq 
only specified portions of the first lower electrode layer 
52 and the second lower electrode layer 56, it is prefer- 
able to employ another method, for example, such lhat 
specified portions are abraded and removed by appli- 

raD B 0 , n , 0f xi aSer b6am ' b6SideS lith °9<-aphy and etching. 
[0082] The steps after that are same as those de- 
scribed in the first preferred embodiment, and the de- 
scription is omitted here. 

[0083] By this manufacturing method, the first lower 
electrode layer 52 and the second lower electrode layer 
56 are electrically separated from each other between 
the respective piezoelectric elements 92, but in the area 
between two via-holes 96, 98 and at top surface 94 near 
there, two layers of piezoelectric thin films 53 57 two 
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layers of electrode layers 54, 58 and bonding layer 60 
are integrated. Accordingly, the strength of the actuator 
having a pair of piezoelectric elements may be greatly 
increased as a whole. In addition, providing the external 
connecting electrode 75 at the central portion by con- 
necting the connecting electrodes 73 to each other 
which are led out of the via-holes 96, 98, it is possible 
to reduce the man hour required for the connecting work 
such as wire bonding. 

io [0084] The piezoelectric elements made by the above 
manufacturing method may be driven with a low voltage 
and the amount of displacement can be nearly doubled 
as compared with the case of only one element by prop- 
erly controlling the voltage applied to the two piezoelec- 
tric elements. Further, since the structures are integrally 
connected to each other in a specified area near the ex- 
ternal connecting electrode, the handling of the paired 
Piezoelectric elements and their mounting onto a sub- 
strate will be greatly simplified, and at the same lime, 
they can be accurately mounted on the substrate. 
FOURTH EXEMPLARY EMBODIMENT 



[0085] Fig. 11 A is a plan view of an actuator element 
hav.ng two piezoelectric elements made by the manu- 
facture method in the fourth preferred embodiment of 
the present invention. Fig. 11 Bis a sectional view of the 
Y - Y portion of Fig. 11 A. The elements which are iden- 
tical with the component elements shown in Fig 1 are 
*> provided with the same reference numbers. As for the 
manufacturing method in the present preferred embod- 
iment, only the steps that differ from those in the man- 
ufacturing method in the first preferred embodiment will 
be described. 

35 [0086] in the manufacturing method in the present 
preferred embodiment, the first lower electrode layer 52 
and the first piezoelectric thin film 53 are formed on the 
first substrate 51 , while the second lower electrode layer 
56 and the second piezoelectric thin film 57 are formed 

Z cV S Tu SUbStr8te 55 ' The first P^zoelectric thin 
film 53 and the second piezoelectric thin film 57 are 
bonded face to face by conductive adhesive layer 1 04 
Further, when external connecting electrode 75 of pie-' 
zoelectric element 100 is formed, via-holes 106 108 
may be formed by etching the second lower electrode 
layer 56 and the second piezoelectric thin film 57 into 
specified shapes, followed by forming insulating layer 
62 and etching the insulating layer 62 into a specified 
shape. Unlike the manufacturing method in the first pre- 
ferred embodiment, the first upper electrode layer and 
the second upper electrode layer are not needed. As for 
the other steps, the description will be omitted because 
hey are same as in the manufacturing method in the 
first preferred embodiment. 

55 St ^ eSCribedabove ' wit "apairofpiezoelectric 
elements 100 formed, it is not necessary to form an u P - 

Z Tl r ° de ° n 6aCh ° f the " rst P^oe.ectric th^n 
film 53 and the second piezoelectric thin film 57 and 
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also, via-hole pattern forming for external connecting 
electrode forming is simplified, making it possible to sim- 
plify the process. 

[0088] That is, the function of the upper layer elec- 
trode of the paired electrode layers with a piezoelectric 
element held therebetween can be obtained by using 
an adhesive made up of conductive material. Therefore, 
the step of forming an upper electrode layer on a piezo- 
electric element and the step of bonding can be per- 
formed simultaneously, and it is possible to simplify the 
manufacturing process. Also, the step of forming an up- 
per electrode layer can be omitted since the conductive 
adhesive layer serves a function as an upper electrode 
layer. In case the adhesive layer is thicker, selective 
etching tor forming via-holes maybe more precisely per- 
formed, but if it is too thick, it will cause hindrance to the 
displacement of piezoelectric thin film. On the other 
hand, in case the adhesive layer is thinner, it is advan- 
tageous with respect to the displacement of piezoelec- 
tric thin film, but if the layer is too thin, it will cause the 
structure to be lowered in strength. As a layer thickness 
that may meet the requirement, it is desirable to be near- 
ly equal to the thickness of the second piezoelectric thin 
film. 

[0089] Due to the fourth preferred embodiment, it is 
not necessary to form the first upper electrode layer and 
the second upper electrode layer, thereby simplifying 
the layerforming step, and the piezoelectric element ob- 
tained enables the simplification of the via-hole forming 
process for forming external connecting electrodes. 
[0090] Incidentally, as for the manufacturing method 
in the fourth preferred embodiment, the manufacture ac- 
cording to the manufacturing method in the first pre- 
ferred embodiment except some steps has been de- 
scribed. It is also preferable to manufacture similarly in 
accordance with the second preferred embodiment and 
the third preferred embodiment except some steps. 
[0091] Also, in the manufacturing method of the 
present invention, it is also possible to use a substrate 
that is a combination of two substrates selected from the 
group consisting of a MgO substrate, Si substrate, stron- 
tium titanate mono-crystalline substrate, and sapphire 
substrate with respect to the first substrate and the sec- 
ond substrate. For example, when a magnesium oxide 
mono-crystalline substrate is used as the first substrate, 
and a silicon mono-crystalline substrate as the second 
substrate, a layer vertically oriented to the layer surface 
with good piezoelectric characteristics can be obtained 
in the layer forming step with respect to the magnesium 
oxide mono-crystalline substrate, while in the case of 
silicon mono-crystalline substrate, by heat-treating after 
forming piezoelectric thin film, it is possible to obtain pi- 
ezoelectric thin film vertically oriented to the layer sur- 
face, which is equivalent in piezoelectric characteristics 
to the piezoelectric thin film on the MgO substrate. Even 
when a mixed solution of hydrofluoric acid and nitric acid 
is used for removing the Si substrate used as the second 
substrate, the MgO substrate used as the first substrate 



will not be corroded by this solution. Accordingly, it is not 
necessary to protect the MgO substrate with resin or the 
like in particular. 
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Claims 





1. A manufacturing method for thin film piezoelectric 
elements, comprising the steps of: 

so a) sequentially laminating a first lower elec- 

trode layer, a first piezoelectric thin film, and a 
first upper electrode layer on a first substrate; 

b) sequentially laminating a second lower elec- 
trode layer, a second piezoelectric thin film, and 

55 a second upper electrode layer on a second 

substrate; 

c) bonding said first upper electrode layer and 
said second upper electrode layer in opposed 
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ttr b r e :r otherwi,hanadhesive,ayer 

^selectively removing only said second sub- 

slid" Zf 9 " rSt ,0W6r electr ^e layer, 5 
sard first p ezoelectric thin film, said first uppe 

lave sa!d l^' T ^ ,0Wer e,ectrode 
second C ° nd p,ezoelec ^ thin film, said 
second upper electrode layer, and said adhe- 

SXr, 0 h SPe f ied ShapSS res P-tive.y or ,o 

ssr ,ormin9 a ^ * -p- 

0 covering each of said plurality of structures 
w-th an insulating layer, forming external con 
pTZfT^^'^^^^saidfX- - 

.aver t w ' ayer ' S3id firSt ,ower Strode 
layer, said second upper electrode layer and 
sa.d second lower electrode layer to e*er S 

g) covering said plurality of piezoelectric ele- 
ments with a resin layer, and further bonding a 
temporary fixing substrate thereto- 9 

h) se.ectivelyr e movingonlysaidfi re tsubstrate ; 

i) lowering the adhesion of the adhesive layer " 
used for bonding said temporary fixing £. 
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30 



35 



or dissolving said adhesive layer to separate 
sa,d es.n layer from said piezoelectric element sur 

a) sequentially laminating a first lower elec- 

StXr e; afirstpie «^ - 

b) sequentially laminating a second .ower elec- 
trode layer and a second piezoelectric thin film 
on a second substrate- 

ZTsZlt'* Piez0e,ectric thin film and « 
sa,d second p.ezoelectric thin film in opposed 
rejahor, to each other by using conduct ad 

oj^electivev removing only said second sub- 4 . 

e) processing said first lower electrode layer 
sard first p.ezoelectric thin film, said second 

rf[,mT^ e, r r ' saidsecond P iez - ( -wc 

thin film, and said adhesive layer into specified 
Snn re ? e< f e * or a " together, thereby 55 
formmg a pluralrty of separated structures- 5 
f) covering each of said plurality of structures 
with an msulat.ng layer, forming external con- 



necfing electrodes for connecting said first low- 
er ^electrode layer, said second lower electrode 
ment ^f 3 ^* 'ayerto externa, epuip 

g) covering said plurality of piezoelectric ele- 
ments with a resin layer, and further bonding a 
temporary fixing substrate thereto- 9 

^selectively removing only saidfirst substrate; 

used for bonding said temporary fixing sub- 
strate, Dissolving said adhesive layer to sep- 
arate said temporary fixing substrate" and ateo 
remoymg said resin layer from said piezoelec 
tnc element surface to individually separate 
said plurality of piezoelectric elements ■ 

A manufacturing method for thin film piezoelectric 
elements, comprising the steps of. zoe,ectrlc 

a) sequentially laminating a first lower elec- 
tmde layer, a first piezoe.ectric thin film, and a 
first upper electrode layer on a first substrate 

b) processing said first lower electrode laye 
said first piezoelectric thin film, and said upper 
electrode layer into specified shapes respec 
t.vely or all together, thereby forming a Sv 
of separated structures- P'urauiy 

c) cove rin g each of said plurality of structures 
wrth an .nsulatmg layer, forming external con 

laverto^ 6 ' ay f andsaidfirs t"PPer electrode 
layer to external equipment, thereby making a 

Plurality of piezoelectric elements- 

ln?rt 9 S3id P ' Ura,ity of P'^oe'ectric ele- 
ments with a resin layer, and further bonding a 
temporary fixing substrate thereto- 9 
e) selectively removing only said first substrate; 

i) lowering the adhesion of the adhesive layer 
used for bondmg said temporary fixing sub- 
strate, or dissolving said adhesive layertoseo- 
arate said temporary fixing substrate and aSo 
removing said resin layer from said piezoetc 
«c element surface to individually'sepa Je 
sa.dplural.ty of piezoelectric elements. 

The manufacturing method for thin film piezoelec- 
tric elements of claim 1 , K"^°eiec 

wherein in the step of forming said plurality of 
structures, a step of processing is added so S 

TZT C thin f ;' m C ° nneCti0n is mad * at leasnn 
a part of a specified area of paired two structures 

ESSSasr for thin fi,m pie2oe,ec - 

wherein in the step of forming said plurality of 
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structures, a step of processing is added so that pi- 
ezoelectric thin film connection is made at least in 
a part of a specified area of paired two structures. 

6. The manufacturing method for thin film piezoelec- 
tric elements of claim 3, 

wherein in the step of forming said plurality of 
structures, a step of processing is added so that pi- 
ezoelectric thin film connection is made at least in 
a part of a specified area of paired two structures. 

7. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 to 6, 

wherein in the step of separating said tempo- 
rary fixing substrate, in a state of holding said tem- 
porary fixing substrate in a mesh vessel having an 
opening at least smaller in size than a plurality of 
piezoelectric elements bonded on said temporary 
fixing substrate, said adhesive layer is dissolved or 
lowered in adhesion to separate said temporary fix- 
ing substrate : and also said plurality of piezoelectric 
elements are separated by removing the resin from 
said piezoelectric element surfaces and are held in 
the mesh vessel. 

8. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 to 6, 

wherein said external connecting electrode is 
formed on a same surface of said piezoelectric el- 
ement. 

9. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 to 6, 

wherein the adhesive used for bonding said 
temporary fixing substrate and the resin layer used 
to cover said piezoelectric element are same in ma- 
terial, and said temporary fixing substrate is bonded 
by said resin layer. 

10. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 to 6, 

wherein a layer that is corrosion-resistant 
against the solution, gas, gas containing active spe- 
cies, or at least partially ionized gas used for remov- 
ing the first substrate is formed over the entire sur- 
face of said temporary fixing substrate to be used 
as said temporary fixing substrate. 

11. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 to 6, 

wherein said temporary fixing substrate is 
large enough to bond a plurality of first substrates 
thereon. 

12. The manufacturing method for thin film piezoelec- 
tric elements of claim 10, 

wherein said temporary fixing substrate is 
large enough to bond a plurality of first substrates 



thereon. 

13. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 , 2, 4 or 5, 

5 wherein said first substrate and said second 

substrate are same in material and shape. 

14. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 , 2, 4 or 5, 

10 wherein said first substrate and said second 

substrate are made up by combining two types of 
substrate selected from the group consisting of a 
magnesium oxide mono-crystalline substrate, sili- 
con mono-crystalline substrate, strontium titanate 
'5 mono-crystalline substrate and sapphire substrate. 

15. The manufacturing method for thin film piezoelec- 
tric elements of claim 1 or 4, 

wherein said first upper electrode layer and 
20 said second upper electrode layer are same in ma- 
terial and layer deposition system. 

16. The manufacturing method for thin film piezoelec- 
tric elements of any one of claims 1 , 2, 4 or 5, 

25 wherein said first piezoelectric thin film and 

said second piezoelectric thin film are same in ma- 
terial and film deposition system. 

17. The manufacturing method for thin film piezoelec- 
30 trie elements of claim 1 6, 

wherein said first piezoelectric thin film and 
said second piezoelectric thin film are formed nearly 
equal in thickness. 

35 18. The manufacturing method for thin film piezoelec- 
tric elements of claim 1 or 4, 

wherein the adhesive layerthat bonds and se- 
cures said first upper electrode layer and said sec- 
ond upper electrode layer in opposed relation to 

40 each other is formed nearly equal in thickness at 
least to said second piezoelectric thin film. 

19. The manufacturing method for thin film piezoelec- 
tric elements of claim 2 or 5, 

45 wherein the adhesive layerthat bonds and se- 

cures said first piezoelectric thin film and said sec- 
ond piezoelectric thin film in opposed relation to 
each other is formed nearly equal in thickness at 
least to said second piezoelectric thin film. 

50 

20. A thin film piezoelectric element, comprising at 
least: 

a) a structure with a pair of piezoelectric thin 
55 films, held between electrode layers and verti- 
cally oriented to the layer surface, fixed thereon 
via an adhesive layer; 

b) an insulating layer formed to cover said 
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structure; and 

c) an external connecting electrode at one sur- 
face side of said structure, which is connected 
to each of said electrode layers, 

wherein each of said piezoelectric thin films 
paired is formed nearly equal in thickness to said 
adhesive layer. 

21. A thin film piezoelectric element, comprising at 
least.' 

a) a structure with a pair of piezoelectric thin 
films, vertically oriented to the layer surface and 
with an electrode layer formed only on one sur- 
face thereof and the other surfaces opposed to 
each other, bonded thereon via conductive ad- 
hesive; 

b) an insulating layer formed to cover said 
structure; and 

c) an external connecting electrode at one sur- 
face side of said structure, which is connected 
to each of said electrode layer and said adhe- 
sive layer. 

22. The thin film piezoelectric element of claim 20 or 21 
further comprising: 
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25 



a configuration such that with said two struc- 
tures as a set, said piezoelectric thin films are 
connected to each other in an area where the 
external connecting electrode of said structure 
•s formed, thereby integrating a set of said 
structures. 

23. The thin film piezoelectric element of claim 20 or 21 
further comprising: 

a configuration such that the adhesive layer for 
bonding to external equipment also serves as 
the insulating layer provided on a surface op- 
posing to the surface where the external con- 
necting electrode of said structure is formed. 

24. The thin film piezoelectric element of claim 22 fur- 
ther comprising: 

a configuration such that the adhesive layer for 
bonding to external equipment also serves as 
the insulating layer provided on a surface op- 
posing to the surface where the external con- 
necting electrode of said structure is formed 
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An actuator unit, comprising: 

a) a slider provided with a head for signal re- 
cording and reproducing on a disk; 

b) a supporting member which supports said 
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slider and is joumaled on a bearing; 

c) an actuator element disposed close to said 
slider on said supporting member; and 

d) a flexible wiring board for connecting said 
head and said actuator element to external cir- 
cuits, wherein 

said actuator element comprises at least: 

a structure with a pair of piezoelectric thin films 
held between electrode layers and vertically 
onented to the layer surface, bonded thereon 
via an adhesive layer; 

an insulating layer formed to cover said struc- 
'° ture; 

an external connecting electrode at one surface 
side of said structure, which is connected to 
each of said electrode layers at least; and 
each of said paired piezoelectric thin films is 
nearly equal in thickness to said adhesive layer 
and 1 ' 

a configuration such that with said two struc- 
tures as a set, said piezoelectric thin films are 
connected to each other in an area where the 
external connecting electrode of said structure 
is formed, thereby integrating a set of said 
structures. 

26. An actuator unit, comprising: 

a) a slider provided with a head for signal re- 
cording and reproducing on a disk; 

b) a supporting member which supports said 
slider and is joumaled on a bearing- 

c) an actuator element disposed close to said 
slider on said supporting member; and 

d) a flexible wiring board for connecting said 
head and said actuator element to external cir- 
cuits, wherein 

said actuator element comprises at least: 

a structure with a pair of piezoelectric thin films 
vertically oriented to the layer surface and with 
an electrode layer formed only on one surface 
thereof and the othersurfaces opposedto each 
other, bonded thereon via conductive adhesive 
an insulating layer formed to cover said struc- 
ture; and 

an external connecting electrode at one surface 
side of said structure, which is connected to 
each of said electrode layers and said adhesive 
layer, and 

a configuration such that with said two structures 
as a set, said piezoelectric thin films are connect- 
ed to each other in an area where the external 
connecting electrode of said structure is formed 
thereby integrating a set of said structures 
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FIG. 10A 
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